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SUMMARY 
Cutting Grimm alfalfa in late August and early October pre-
vented the normal fall accumulation of reserve proteins and 
carbohydrates, and resulted in complete winterkilling of plants 
during the winter 1934-35. 
The roots of the plants which were not cut after Aug. 29 
were 75 percent larger than those given a second late cutting 
on Oct. 8. In addition the roots of the early cut plants con-
tained approximately 30 percent more carbohydrate and nitro-
genous reserves on a green weight basis. 
The percentage of both soluble and insoluble nitrogen was 
higher in the uncut plants than in the cut plants throughout 
the test period. There was no evidence that protein splitting 
was a factor in cold resistance. 
The reducing' sugars constituted a progressively smaller por-
tion of the root reserves as fall advanced. The non-reducing 
sugars (sucrose) increased during the fall, and were constant 
during the winter with a slight increase toward spring. 
Starch began disappearing in early fall and constituted a 
very small portion of the root reserves in any variety after 
October. Digestion was most rapid in the hardy varieties. 
Analyses for starch in the spring showed no tendency toward 
reconversion of sugar to starch. 
Analytical data on varieties offered no criteria by which the 
varieties could be placed in their proper order of hardiness as 
exhibited in the field tests. Non-hardy varieties were consis-
tently higher in some of the reserve fractions than the hardier 
ones. Hardy varieties were not significantly higher than the 
non-hardy groups in any of the reserve fractions. 
Although possibly important in cold resistance, the pectin 
and water-soluble gum fractions showed fluctuations among 
varieties that would not justify the use of these fractions as 
indexes of the hardiness of varieties at the present time. At-
tempts to test protoplasm stability directly were unsucessful. 
The results of the experiments support the protoplasm differ-
entiation hypothesis of winter hardiness, which assumes that 
both an available reserve and a genetic ability to use these re-
serves in the building of a stable protoplasm are essential fac-
tors contributing to winter hardiness. 
The Relation of Reserves to Cold 
Resistance in Alfalfa! 
By J. J. MARK' 
Many theories of cold resistance in plants have been ad-
vanced and supported by various workers, but none has 
gained general acceptance. The level of the reserves within 
the alfalfa root and other plant organs at the time they go into 
the winter condition appears to have some relation to winter 
hardiness although more quantitative studies of this relation-
ship .are needed. It seems hardly probable that any form of 
reserve can be directly responsible for the marked ability shown 
by the tissues of many alfalfa varieties to endure low tempera-
tures, and the formation of secondary materials within the 
protoplasm under the stimulus of high sugar levels has been 
postulated (19). The attempt by various workers to connect 
this cold-resistance, differentiation product with total capacity 
of the tissue to hold water against freezing has not been en-
tirely successful, thus suggesting either that not all of the 
water-binding compounds are concerned in hardiness, or that 
the accumulation of these compounds is only incidental to the 
protoplasmic changes concerned. 
The present study was undertaken to obtain more quantita-
tive data on the relation of reserve levels to winter hardiness in 
alfalfa, and to determine, if possible, the type of differentiation 
reactions stimulated by high sugar levels and considered to be 
actually responsible for cold resistance. It was recognized that 
this last reaction, if present, might vary in different varieties 
with the same reservc level; hence two series of experiments 
were run-the first with Grimm alfalfa, fall clipped to induce 
varying reserve levels, and the second with varieties of known 
cold resistance-to study the types of differentiation in ma-
terial of varying genetic constitution. 
REVIEW OF PERTINENT LITERATURE 
The literature on the temperature relations of plants is so ex-
tensive that no attempt has been made in this paper to refer to 
1 Taken from a thesis submitted to the graduate faculty of Iowa State 
College in partial fulfillment of the requirements for the degree, doctor of 
philosophy. Project 353 of the Iowa Agricultural Experiment Station. 
, The writer wishes to express thanks to Prof. H. D. Hughes and Dr. W. E. 
Loomis who suggested this problem and the methods of attack and analysis, 
and whose supervision and encouragement have made the study possible. 
Thanks are due Prof. F. S. Wilkins, who provided the material for the variety 
study. 
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any large percentage of the works on this subject. Harvey's 
bibliography (17) should be consulted for an extensive citation 
of the literature of cold resistance. 
The formation of ice and its desiccating effect have been em-
phasized in connection with studies on cold injury. Wiegand 
(44) states that death in plants is due to the withdrawal of 
water from the protoplasm to form ice. Chandler (5), Wright 
and Taylor (45), Beach and Allen (2), Molisch (24), Bay (1), 
and others Concur on this point. 
Pfeffer (34) maintained that death by low temperatures is 
due to changes or disturbances produced in the protoplasm, but 
owing to the dissimilar character of different plants, death need 
not always be produced in the same way. Maximov (23), after 
reviewing previous communications by himself and others, came 
to the conclusion that killing by cold was probably due, not to 
low temperature as such, but to physicochemical changes set 
up in the plasma colloids during dehydration by ice formation. 
Rosa (36) emphaRized the value of water retention as a pro-
tection against cold injury. Dunn and Bakke (10) suggest 
the importance of the cell colloids in imbibing water and the 
prevention of freezing. Newton (26), also Newton and Gortner 
(31), found a high positive correlation between the hydrophil-
ous colloid content of the expressed sap of wheat leaves and 
their resistance to cold. Tysdale and Salmon (42) reported a 
definite relation between hardiness on the one hand and low 
moisture content, quantity and vi'scosity of press juice _ on the 
other. Newton and Brown (28) stated that the most important 
quantitative relations of the various plant constituents are the 
reduction in moisture content and the resulting concentration 
of colloids and sugars, which increases resistance to freezing. 
Harvey (16) reported cleavage of the proteins in hardened 
vegetable plants; the hardened plants contained more than 
twice as much amino nitrogen as the unhardened plants. New-
ton (27), on the other hand, did not find any consistent differ-
ences in the amino-acid nitrogen content of hardy and tender 
wheat varieties, although the amino-nitrogen increased in all 
varieties with the approach of winter. Gorke (12) was among 
the first to emphasize the precipitation of proteins as a cause 
of the death of the cell. He thought that this was brought 
about by increasing the concentration and acidity of the cell 
sap. Schaffnit (38) ascribed the protective action of harden-
ing to the splitting of complex proteins into less r eadily precipi-
tated forms. 
The protective value of osmotically active substances has 
been studied rather extensively. Gassner and Grimme (11) 
found that seeds which germinate at low temperatures nor-
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mally have a high sugar conter;tt. Crepin and associates (6) 
stated that the plants most severely injured in their experi-
ments were those having the lowest cell sap concentration and 
lowest osmotic values. Chandler (5) thought that the density 
of the cell sap had an influence on the temperature at which 
killing takes place in plants. Blackman (3), however, pointed 
out that too much emphasis should not be placed on the sugar 
content as related to winter-hardiness because sugar cane and 
sugar beets possess very little r esistance to cold. Salmon and 
Fleming (37) found no definite relation between sap density 
and hardiness in various wheat varieties as grown in the field. 
Zacharowa (46) found the meristematic tissue of the root tip 
more resistant to cold than the cortex, notwithstanding the 
fact that the cortex contained large quantities of reducing 
sugars. The hardy meristematic tissue contained very little 
carbohydrate but was rich in protein material. 
Cryoscopic measurements of plant sap have yielded conflict-
ing data. Newton (27) claimed to be able to place hardened 
wheat varieties in their correct order of hardiness on the basis 
of their bound water content as measured by the cryoscopic 
method. Salmon and Fleming (37) did not find any relation 
between the freezing point depression of sap from winter grain 
varieties grown in the field and their ability to resist cold. 
W eimer (43) failed to find any correlation between the freezing 
point of alfalfa root tissue when in a hardened condition and 
the known hardiness of the variety. Robinson (35) showed 
that winter hardiness of insects was correlated with their abili-
ty to retain water in the unfrozen state when subjected to 
freezing temperatures. Stark (39) , however, was unable to 
place apple varieties in their order of hardiness by measuring 
their freezable and unfreezable water contents. Steinmetz 
( 40) , working with alfalfa, failed to find any consistent relation 
between bound water, freezing point depression and viscosity 
Of the expressed sap on the one hand and hardiness on the 
other. 
Some workers have suggested that dormancy has a possible 
relationship to the ability of plants to survive freezing tempera-
tures. Govorov (13) reported that the hardy winter cereals ac-
cumulated glucose and reduced their respiration during cold 
weather. Delong and associates (7) worked with apple twigs 
and found that the hardier varieties showed a lower peak of 
carbon dioxide production at low temperatures than did the 
more tender varieties. 
Graber and his colleagues (14) condu cted experiments on 
the effect of cutting practices upon the organic food reserves 
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of plants. They concluded that top removal lowered the or-
ganic food reserves to the extent that the plants were subject 
to severe winterkilling. Nelson (25 ) found that cutting alfalfa 
in the succulent state was far more injurious to the stand than 
cutting at a more mature stage. Steinmetz (40) analyzed the 
root reserves of Grimm and Kansas Common varieties over an 
extended period and concluded that a hardy variety of alfalfa 
cannot be distinguished from a tender variety by differences 
in chemical composition. Tysdale (41) determined the original 
and protected diastatic activity of alfalfa varieties. He con-
cluded that the hardy varieties had a greater protected dia-
static power when in a hardened condition than the tender 
varieties. Protected diastatic power, as measured by Tysdale, 
is a measure of the resistance of the enzyme to precipitation. 
His results suggest a correlation between enzyme stability and 
protoplasm stability. 
These citations illustrate the variety of work which has been 
done on the problem of winter hardiness and show how little 
the various workers are in agreement on the nature of winter 
injury and the cause of cold resistance. 
MATERIALS AND METHODS 
MATERIALS 
The plant material used in this experiment for the different 
cutting treatments consisted of 2-year-old, field-grown, certified 
Grimm alfalfa. Grimm was selected because of its availability 
and because of its adaptation to this section so far as cold re-
sistance, yield and quality are concerned. 
In the different cutting treatments the following legend is 
used: " Uncut" refers to plants uncut after July 26; "Cut 
late " r efers to plants cut July 26 and again Oct. 8; "Cut 
early" means plants cut July 26 and Aug. 29 but not cut 
Oct. 8; "Continuously cut" is used to designate plants that 
were cut at approximately I-month intervals on July 26, Aug. 
29 and Oct. 8. 
In a study of varietal resistance to cold it was necessary to 
use varieties that exhibit widely different r esponses to cold. For 
this purpose six varieties which have shown striking differences 
in field tests were chosen . Ladak and Grimm were used as 
hardy varieties. Utah Common has exhibited responses to cold 
which placed it in the intermediate group. California Common, 
Arizona Common, and New Mexico Common were used as rep-
resentatives of the cold susceptible varieties. ( 
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SAMPLING AND PRESERVING 
The material for chemical analyses of root reserves was 
washed free of soil and the small fibrous side roots and crowns 
were cut off and discarded. The water on the roots was re-
moved with blotting paper and duplicate 75 to 100-gram sam-
ples of the upper 3 inches were preserved separately from the 
same size sample of the lower 7 inches of the roots. 
The roots were handled as rapidly as possible in order to 
avoid enzymatic changes in the material. The samples were 
weighed, cut into 2 to 3-mm. sections and dropped into mason 
jars containing 500 cc. of boiling 95 percent ethyl alcohol. The 
jars containing the samples were placed on a boiling water 
bath and allowed to simmer for 30 minutes. At the termination 
of this period the jars were sealed tightly and set aside until 
extractions were made. 
The material was extracted 20 times by decantation with 80 
percent redistilled ethyl alcohol. Further extractions showed 
the process to be complete. The combined extracts were made 
to volume (1000 or 2000 cc.) at 20° C. The insoluble residues 
were dried and weighed, after which they were ground in a 
Wiley mill and then in a ball mill until the material passed a 
200-mesh sieve. The residues were stored in tightly sealed 
bottles for polysaccharide and insoluble nitrogen determina-
tions. The extracts were used for determinations of sugars and 
soluble or non-colloidal nitrogen fractions. 
METHODS FOR THE ANALYSES OF ROOT RESERVES 
One-tenth aliquots of the alcoholic extract were transferred 
to water, cleared with neutral lead acetate, deleaded with 
anhydrous sodium oxalate, and reducing sugars determined by 
a modification of the Munson-Walker and Bertrand methods. 
Sucrose was hydrolyzed with invertase and determined as in-
vert sugar (20). The alcohol-extracted residue, ground to 200-
mesh, was extracted with cold 10 percent alcohol to remove 
dextrins. The extract was cleared, made to volume, filtered, 
deleaded and 200-ml. aliquots autoclaved with 1 + 20 HCl at 15 
Ibs. pressure for 1 hour to hydrolyze dextrin. The hydrolysate 
was neutralized, made to volume and its reducing power de-
termined. 
The residues from the dextrin extraction were gelatinized, 
digested with saliva and the digest filtered off, cleared, hydro-
lyzed and reducing sugars run as above. The reducing power 
of this extract, calculated as glucose and multiplied by 0.90, is 
considered to be starch. The residue from the starch extraction 
was autoclaved with 1 + 20 HCl and the reducing power of the 
extract calculated as glucose and reported as acid hydrolyzable 
material. 
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The total nitrogen of the' alcoholic extract was determined 
by the unmodified Kjeldahl method and reported as non-col-
loidal or soluble nitrogen. Total nitrogen of the alcohol in-
soluble residue is reported as colloidal nitrogen and considered 
to be a measure of the protein content of the tissues. 
The method used for pectin determinations was that recom-
mended by Carre and Haynes (4) in which pectin was deter-
mined as impure calcium pectate. Duplicate 2-gram samples 
of the finely ground residue were extracted with cold water, 
and the cold water extracts were made to a volume of 300 cc. 
One hundred cc. of tenth-normal sodium hydroxide were added 
to hydrolyze the pectin to the soluble sodium salt of pectic acid. 
The hydrolysis was allowed to continue overnight at room tem-
perature. Then 50 cc. of normal acetic acid were added to de-
compose the sodium salt and 50 cc. of molar calcium chloride 
to form calcium pectate. 
The mixture was allowed to stand 1 hour with occasional 
stirring. It was then brought to a boil, filtered and washed 
until all chlorides were removed. The precipitate was trans-
ferred to tared weighing bottles, dried in the oven at 95° C. for 
16 hours and weighed. The pectin was calculated directly as 
the impure calcium pectate. 
Protopectin was determined by hydrolyzing the residue from 
the pectin extraction with n/ 20 hydrochloric acid in the auto-
clave at 7 pounds pressure for 30 minutes. The hydrolyzed so-
lution was filtered into large beakers, nearly neutralized, and 
the protopectin was determined by the method used for pectin. 
EXPERIMENTAL RESULTS 
EFFECT OF FALL CUTTING UPON GRIMM ALFALFA 
THE EFFECT OF FALL CUTTING UPON THE GROWTH OF 
GRIMM ALFALFA 
Fifty representative plants were dug from plots that had 
been subjected to different cutting treatments, and the diameter 
of the roots was determined by measuring immediately below 
the crown with a vernier caliper. The results of the diameter 
measurements are shown in table 1 and are the averages of 
measurements on 50 or more roots. 
Differences among the less frequently cut plants were not 
significant, but there was a suppression of root growth in plants 
having their tops removed" continuously. " It should be noted 
that the observed root diameter differences between the uncut 
and continuously cut plants represent cross sectional area re-
ductions of 38 percent in October and 57 percent in November. ( 
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TABLE 1. DIAMETER OF THE ROOTS OF GRIMM ALFALFA. 
(Diameters are expressed in millimeters.) 
Date . Uncut Cut early Cut late Cut continuously 
10/ 15/34 10.79 9.93 10.48 8.47 
11/ 11/34 11.75 10.23 10.00 7.72 
Measurements of the weight of the upper 3 inches of the roots 
from the plots agreed with the diameter measurements in show-
ing a sharp reduction in size as the result of continuous cut-
ting. Later tests showed that the early-cut roots, although 
smaller, were better filled with reserves and hardier than the 
late-cut. 
The dry matter in the roots of the plants from the different 
cutting treatments was determined during early fall , late fall 
and spring. Duplicate 100-gram samples, representing 20 or 
more of the fresh roots, were dried in an electric oven main-
tained at 1000 to 105 0 C., for 24 hours. The results are shown 
in table 2. 
TABLE 2. DRY MATTER IN THE ROOTS OF GRIMM ALFALFA. 
(Expressed as percentage of fresh weight.) 
Date Uncut Cut early Cut late Cut continuously 
8/30/34 38.2 39.0 38.2 34.2 
10/ 8/34 39.0 40.0 38 .8 32.2 
6/ 19/35 30.1 30.3 29.6 27.6 
Though there is no test of significance, these data indicate 
that continuous cutting reduced the dry matter percentage of 
the roots. The percentage of dry matter in the roots of uncut 
and early cut plants remained fairly constant during the fall. 
The spring determinations indicated an over-winter reduction 
of about 25 percent in the dry matter of the normal roots. The 
continuously cut samples showed less reduction, but the roots 
were dead in the spring. 
Frequent observations were made upon the character and 
amount of top development of the test plants. During the 
month of October the weather was very mild and all plots 
showed good development. However, the height attained by 
the continuously cut plants was only about 2 inches. In con-
trast, the plants given a single late cutting on Oct. 8 showed 
a new top growth of 12 inches on Nov. 1. The plants on 
the uncut and early cut plots, already having sufficient top de-
velopment for a good crop of hay, made practically no new top 
growth during October. 
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The amount of top growth in the spring was determined by 
harvesting four, 1-meter quadrats on each of the plots. The 
dry matter content of the foliage was determined by drying 
100-gram samples at 95 0 C. for 24 hours. The results appear 
in table 3 and are predominantly affected by stands (table 5). 
Weeds invaded the plots in which the stands were reduced by 
win tel' killing. 
TABLE 3. YIELD AND PERCENTAGE OF DRY MATTER ON JUNE 19, 1935, IN AL-
FALFA GIVEN DIFFERENT FALL CUTTING TREATMENTS. 
Treatment 
Uncut 
Cut early 
Cut late 
Cut continuously 
Average yield of meter quad- Percentage of dry matter 
rats in pounds 
5.45 24.6 
5.24 23.5 
2.26 22 . 5 
0.0 
EFFECT OF FALL CUTTING ON COLD RESISTANCE OF GRIMM ALFALFA 
Freezing tests were run in November, 1934, to determine the 
comparative resistance to cold of the plants from the plots 
that had been given different cutting treatments. Duplicate 
samples of 10 plants each were dug from the field and frozen 
at various temperatures in 1/2-gallon jars, but without other 
protection. After the freezing periods were terminated the 
roots were held at 50 C. for 2 hours and allowed to thaw out. 
Ten of the roots from each plot were then potted in soil and 
held in the greenhouse. Daily notes were taken on the survival 
and general condition of the plants. The results of the artifi-
cial freezing tests are presented in table 4. 
TABLE 4. SURVIVAL OF GRIMM ALFALFA WHEN ARTIFICIALLY FROZEN. 
(Dug and frozen Nov. 11, 1934.) 
Treatment Period of freezing at -18°C. Percentage survival 
Uncut 1 hr. 100 
Cut early 1 hr. 100 
Cut late 1 hr. 100 
Cut continuously 1 hr. 100 
Uncut 2 hr. 100 
Cut early 2 hr. 100 
Cut late 2 hr. 100 
Cut continuously 2 hr. 80 
Uncut 4 hr. 100 
Cut early 4 hr. 70 
Cut late 4 hr. 50 
Cut continuously 4 hr. 0 
Uncut 5 hr. 0 
Cut early 5 hr. 0 
Cut late 5 hr. 0 
Cut continuously 5 hr. 0 ( 
t 
I 
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It may be observed that all plants survived freezing for 1 
hour at -18 0 C., but as the period of freezing was extended to 4 
hours, the percentage of plants surviving decreased with the 
lateness and severity of the cutting treatment. A striking 
phase of this experiment was thc inability of the exposed roots 
from the check plots to withstand 5 hours of freezing even 
though they withstood 4 hours with no mortality. 
The subsequent growth of the frozen plants was observed 
daily and it was noted that the less frequently cut plants recov-
Fig. 1. The growth on Jan. 8 of 
uncut (left) and continuously cut 
(right) alfalfa plants frozen for 2 
hours at _18 0 C. on Nov. 11. 
ered from the freezing treat-
ments more rapidly than did 
the more frequently cut 
plants. In some cases the 
frequently cut plants ap-
peared to be dead, but with-
in 2 to 4 weeks sent a few 
shoots up from the crowns. 
The injury appeared to be 
confined to the crown. In no 
instance was there cracki.ng 
of the roots. Many of the 
roots that started growth, 
apparently were severely in-
jured. This was shown by 
the continued dying of plants 
that had been previously re-
corded as having survived. 
For this reason the final 
counts were not made until 2 
months after the tests were 
begun. The development of 
frozen plants from cut and uncut plots is shown in fig. 1. 
The effect of fall cutting upon the cold resistance of Grimm 
alfalfa in the field was determined by staking off four, I-meter 
quadrats in each plot. The plants were counted at the begin-
ning of the experiment and the plants surviving in the spring 
were again counted. The results of the field tests are shown 
in table 5. 
TABLE 5. SURVIVAL OF GRIMM ALFALFA IN THE FIELD. 
Treatment 
Uncut 
Cut early 
Cut late 
Cut continuously 
Dates of cutting 
7/26/34 
7/26/34 and 8/29/34 
7/26/34 and 10/8/34 
7/26/34, 8/29/34 and 10/8/34 
Survival in percentage 
85 
73 
37 
o 
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The 15 percent reduction in the stand of the uncut plots 
probably represents normal thinning as the result of competi-
tion within the rather close stand. The effect of late cutting 
upon the ability of a hardy variety to resist cold is shown in a 
striking manner. 
EFFECT OF FALL CUT'l'ING UPON THE ROOT RESERVES OF GRIMM 
ALFALFA 
It is generally assumed that top removal reduces the root 
reserves of alfalfa. Quantitative data on the subject, however, 
are rather limited and show conflicting results. In an attempt 
to determine quantitatively the effect of late fall top removal 
upon the root reserves of Grimm alfalfa, analyses were made 
on duplicate lOO-gm. samples collected from late summer 
through December. The results of the late summer analyses 
are shown in table 6. 
TABLE 6. ROOT RESERVES OF GRIMM ALFALFA ON AUG. 8,1934. 
(Results e"pressed as percentage of fresh weight of sa)llple.) 
Fraction 
Reducing sugars 
Non-reducing sugars 
Total sugars 
Dextrin 
Starch 
Acid hydrolyzable materials 
Total carbohydrates 
Insoluble nitrogen 
Soluble nitrogen 
Total nitrogen 
Upper 3 inches 
1.04 
1.90 
2.94 
2 .73 
6.49 
2.58 
14.74 
0.28 
0 .27 
0 . 55 
Lower 7 inches 
1.68 
0.62 
2.30 
2.63 
5.37 
2.55 
12.85 
0.26 
0 .28 
0.54 
The total sugars in the upper 3 inches of the roots were 
greater than in the lower 7 inches. This difference may have 
been due to the closeness of the upper 3 inches to the crown 
and the active leaves. Total carbohydrates were greater in the 
upper 3 inches of the roots than in the lower 7 inches. The 
nitrogen fractions were nearly equal in the two sections studied. 
On Aug. 29, half of the l6-square rod experimental area 
was cut and the other half was left uncut. The effect of this 
treatment on the root reserves was determined on Oct. 8 
and is shown in table 7. It may be seen from these data that, 
with the exception of non-reducing sugars, every reserve frac-
tion studied was higher in the uncut series than in the cut 
series. 
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TABLE 7. ROOT RESERVES ON OCT. 8 IN THE UPPER 3 INCHES AND LOWER 
7 INCHES OF THE ROOTS OF CUT AND UNCUT GRIMM ALFALFA. 
(Expressed as percentage of fresh weight.) 
Uncut 
Fraction 
Cut Aug. 29 
Upper Lower Upper Lower 
3 inches 7 inches 3 inches 7 inches 
Reducing sugars 3.28 3.04 1.42 1.38 
Non-reducing sugars 1.62 2.67 2.23 1.89 
Total sugars 4.90 5.71 3.65 3.27 
Dextrin 6.52 5.58 2.96 2.55 
Starch 5.34 2.68 1.97 1.36 
Acid hydrolyzable materials 2.83 2.69 2.30 1. 79 
Total carbohydrates 19.59 16.66 10.89 8.98 
Insoluble nitrogen 0.52 0.40 0.33 0.24 
Soluble nitrogen 0.43 0 .38 0 .26 0.19 
Total nitrogen 0.95 0.78 0.59 0.43 
The field results, reported earlier, indicated that cutting in 
early October was very injurious to Grimm alfalfa. Chemical 
analyses of the roots from plants cut Oct. 8 were made in 
November. The results of these analyses are shown in table 8. 
TABLE 8 . ROOT RESERVES IN THE UPPER 3 INCHES OF GRIMM ALFALFA 
ROOTS ON NOV. 11. 
(E~pressed as percentage of fresh weight of sample.) 
Fraction I Uncut* Cut Cut Cut early late continuously 
Reducing sugars 3.66 1.39 2.04 1.39 
Non-reducing sugars 5.14 4.62 4.86 4.23 
Total sugars 8.80 6.01 6 .91 5.63 
Dextrin 5.97 4.43 3.24 2.97 
Starch 2.43 2.53 1.45 1.17 
Total reserve carbohydrates 17 .20 12.97 11.60 9.77 
Acid hydrolyzable materials 4.60 3.57 3.16 2.79 
Soluble nitrogen 0.45 0.38 0 .32 0.31 
Insoluble nitrogen 0.66 0.53 0.53 0.40 
Total nitrogen 1.11 0.91 0.85 0.71 
*Uncut, not mowed after 7/26; cut early, mowed on 7/26 and 8/29; cut late, mowed on 10/8; 
cut continuously, mowed on 7/26, 8/29, and 10/8. 
These data show that the uncut plants were higher than the 
cut plants in all the fractions. The insoluble carbohydrate frac-
tion shows that frequent cutting interferes with the accumula-
tion of' starch, dextrins and acid hydrolyzable carbohydrates. 
'l'he differences between uncut and continuously cut samples 
are very conspicuous in all fractions except non-reducing su-
gars. This exception may have been due to the open fall 
weather which favored photosynthesis by the young active 
leaves that were produced during October on the late cut 
plants. The nitrogen fractions were higher in the uncut plants 
than in the cut plants. Probably nitrogen was withdrawn from 
the roots for the initiation of new top growth. 
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The effect upon the reserves of removing the tops of Grimm 
alfalfa is clearly shown by these analyses. The lowering in the 
reserves corresponds to the severity of the cutting treatment 
and, in an inverse manner, to the cold resistance and survival 
of the plants as shown in tables 4 and 5. 
The chemical composition of the root reserves of cut and 
uncut Grimm alfalfa was determined during December after 
all the plants had become dormant. The results of these an-
alyses are shown in table 9. 
TABLE 9. CHEMICAL COMPOSITION OF THE ROOTS OF GRIMM 
ALFALFA ON DEC. 15, 1934. 
(Expressed as percentage of fresh weight of sample.) 
Fraction 
Reducing sugars 
Non-reducing Bugars 
Total sugars 
Dextrins 
Starch 
Total reserve carbohydrates 
Acid hydrolyzable materials 
Insoluble nitrogen 
Soluble nitrogen 
Total nitrogen 
Uncut 
1.29 
6.57 
7.86 
2.29 
0.65 
10.81 
4.12 
0.62 
0.50 
1.12 
Cut continuously 
0.95 
5.84 
6.79 
1.35 
0.61 
8.75 
3.35 
• 0.34 
0.25 
0.59 
These data indicate that continuous cutting treatments did 
not induce as great percentage differences in the total carbo-
hydrate levels as were observed in the nitrogen fractions. How-
ever, if high carbohydrates are associated with cold resistance 
the uncut plants still had the advantage. The data also indi-
cate that the uncut plants had built up a larger quantity of 
protoplasm than the cut plants. Both the insoluble (colloidal) 
and soluble (non-colloidal) nitrogen fractions in the uncut 
plants were almost twice as high as in the cut plants. Compo-
sition differences had been reduced 'at this date by the abnor-
mally late fall growth of the cut plants. In spite of this, the 
field tests (table 5) showed that the plants were decidedly dif-
ferent in their ability to resist low temperatures. 
SEASONAL CHANGES IN THE ROOT RESERVES OF CUT AND UNCUT 
GRIMM ALFALFA 
Seasonal changes in the distribution of reserves are of the 
greatest interest from the standpoint of a physiological ex-
planation of cold resistance. In the following figures the sea-
sonal changes in the reserves of the uncut Grimm alfalfa which 
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showed 15 percent winterkillillg are cOIl).pared with those of 
the continuously cut plants which were completely killed. 
The rapid increase of reducing sugars in the roots of uncut 
alfalfa until October is shown in fig. 2. The depressive effect 
of foliage removal upon their accumulation is very striking. 
The trends of non-reducing sugar (sucrose) are shown in fig. 
3. Sucrose appears to be distinctly a winter reserve in contrast 
to the reducing sugars which did not accumulate in the winter. 
High sucrose has been associated with winter hardiness in 
wheat (18) where it constitutes the principal reserve substance. 
The curves of fig. 3 do not indicate that sucrose, which is only 
one of the available reserves of alfalfa, is correlated with win-
ter hardiness in this plant. They do, however, show that it 
constitutes an important midwinter reserve. . 
In contrast to sucrose, dextrin was greatly reduced by the 
late cutting treatment (fig. 4). The dextrin content of the cut 
plants is on an average 39 percent less than that of the check 
plants. The earlier drop in the dextrin curve of the uncut treat-
ment is associated with the earlier frost injury to the leaves of 
these plants and is reflected in fig. 3 in increased sucrose. The 
slight increase of this fraction in the cut plants was apparently 
due to photosynthesis and would not have been expected in a 
less open fall. 
It may be observed from the graph of fig. 5 that starch 
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almost disappeared in both cut and uncut alfalfa during the 
fall months. However, its decrease in uncut plants was slower 
than in cut plants. By comparing figs. 3 and 5 it may be seen 
that when starch was disappearing in the uncut plants, sucrose 
was increasing. This suggests a relationship between starch 
and dextrin on the one hand and sucrose and the winter con-
dition on the other. The re-
sults reported here, and in con-
nection with the variety tests, in-
dicate that starch is not a win ter ~ 
storage carbohydrate in alfal- ~ 4 
fa. If, however, starch is the ~ 
forerunner of an active factor 
':l 3 
III in hardening, as it appears to 
be, it is shown that the uncut 
plants had a decided advantage. 
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value lor acid hydrolyzable materials (hemicelluloses) m 
the uncut plants. It is possible, however, that wall dif-
ferentiation and protoplast differentiation are parallel re-
actions, both associated with higher sugar levels (19). In 
this case, protoplast differentiation would be expected to be 
the factor actually concerned in cold resistance, although cell 
wall differentiation, as shown by acid hydrolyzable materials, 
might be an indicator of the more difficultly measured proto-
plast differentiation. 
The trend of the soluble nitrogen is presented in fig. 7. It is 
shown that cut.ting prevented the marked increase in the solu-
ble nitrogen content of the roots which was shown by the uncut 
plants. The increase in soluble nitrogen after November might 
have been due to protein hydrolysis. Any advantage in solu-
ble nitrogen was definitely in favor of the uncut plants. Har-
vey (16) has suggested that proteins are changed to soluble 
forms during hardening and thus escape precipitation. A com-
parison of figs. 7 and 8 will show that most of the soluble 
nitrogen accumulation found in this material was independent 
of protein hydrolysis, since protein or insoluble nitrogen in-
creased at the same rate and in the same treatments as the 
soluble fraction. 
If a high content of protein nitrogen is related to cold resis-
tance, the trend of the insoluble nitrogen in cut and uncut al-
falfa reveals a distinct difference in favor of the uncut plants. 
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STUDIES OF HARDY AND TENDER ALFALFA VARIETIES 
In as much as variety has been emphasized in relation to win-
ter hardiness it was deemed advisable to analyze the root re-
serves in alfalfa varieties that differ widely in their field re-
sponses to cold. An attempt was made to include varieties 
that exhibit three degrees of hardiness. For the hardy varieties 
Ladak and Grimm were used; for the intermediate variety 
Utah Common; and for the tender varieties New Mexico, Ari-
zona and California Common. The sampling and analytical 
procedures were the same as those mentioned in connection 
with the different cutting treatments of the certified Grimm 
variety. 
Oakley and Westover (32) found that the hardy varieties of 
a~falfa did not make as much top growth as the tender varie-
tie~: . The varieties used in this test were checked to determine 
the amount of late fall growth as a possible index of hardiness. 
The results of these measurements are presented in table 10. 
TABLE 10. THE FALL GROWTH OF HARDY AND NON-HARDY VARIETIES OF 
ALFALFA, TOGETHER WITH PERCENTAGE KILLED. 
(Growth Oct. 7, 1934, on plots cut Sept. 5.) 
Variety Class Fall growth Percent winterkilled 
Ladak Very hardy 3 inches 8 
Grimm Hardy 5 inches 15 
Utah Common Medium hardy 6 inches 25 
California Common Tender 6 inches 75 
New Mexico Common Tender 6 inches 80 
Arizona Common Very tender 9 inches 100 
The hardy varieties grew very little after Oct. 1, but the 
tender varieties produced additional top growth. There was a 
marked relationship between the amount of fall growth and 
winterkilling. These results are in agreement with field ob-
servations; that is, plants that make a late fall growth because 
of cutting, environmental or heredity factors are more sus-
ceptible to cold injury than plants not making a late fall 
growth. 
THE ROOT RESERVES OF HARDY AND NON-HARDY VARIETIES 
OF ALFALFA 
Sugars have been emphasized in connection with recent stud-
ies pertaining to cold resistance. Determinations of reQ.ucing 
and non-reducing sugars were made in an attempt to determine 
whether sugar content is associated with hardiness in the varie-
ties used in these studies . . T.hese data are presented in table 11. 
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The low content of reducing sugars in Ladak and Grimm, par-
ticularly on Oct. 8, may be accounted for by low activity 
of these varieties under the short day and low temperature rela-
tionships. The non-reducing sugars show the same trend as the 
variety hardiness at both dates, but no test of significance is 
available. The concentrations of total sugars would not serve 
to classify the varieties in order of hardiness. The data show 
that there was an increase in the non-colloidal carbohydrates in 
all varieties during the month of October. There was a doubling 
of the reducing sugar content, while the non-reducing and total 
sugars were nearly three times greater than at the preceding 
sampling date. 
THE INSOLUBLE CARBOHYDRATES 
These insoluble carbohydrate fractions consisted of the dex-
trin, starch and acid-hydrolyzable materials. The methods 
of analyses were the same as those mentioned in an earlier 
paragraph and the results are shown in table 12. 
These data show the similarity in composition on Oct. 8 
of all varieties except Ladak, irrespective of their field perform-
ances. Just why this sample of Ladak was lower in dextrin 
than the other varieties is not known. There was a tendency 
toward increase in the dextrins of these samples as fall pro-
TABLE 11. REDUCING, NON-REDUCING AND TOTAL SUGARS IN THE ROOTS 
OF ALFALFA VARIETIES ON OCT. 8 AND 
• NOV. 11, 1934. 
(Percentage of fresh weight of samples.) 
Reducing Non-reducing Total 
Varieties sugars sugars sugars 
October 8 sampling 
Ladak 0 . 89 1.89 2.79 
Grimm 0.83 1. 72 2.55 
Utah Common 1.15 1. 54 2 .70 
California Common 1.14 1.60 2.74 
New Mexico Common 1.32 1.30 2.61 
Arizona Common 1.30 1.42 2 .72 
November 11 sampling 
Ladak 1.63 4.82 6.45 
Grimm 2.07 4.50 6.56 
Utah Common 3.10 4 . 14 7.25 
California Common 2.53 4.18 6.72 
New Mexico Common 2.86 3.32 6.19 
Arizona Common 2 .74 3 .79 6.53 
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TABLE 12. THE INSOLUBLE CARBOHYDRATES IN THE ROOTS OF ALFALFA 
VARIETIES ON OCT. 8 AND NOV. 11, 1934. 
(percentage of fresh weight.) 
Variety Dextrin Starch 
Acid-hydrolyz-
able materials 
October 8, 1934 
Ladak 3.17 ' 2.50 4.37 
Grimm 6.56 2.58 4.42 
Utah Common 7.15 1.42 4.12 
California Common 6.98 2.19 4.07 
New Mexico Common 6.09 2.22 4.62 
Arizona Common 6 .82 2.34 4.26 
November 11, 1934 
Ladak 6.27 1.41 4.32 
Grimm 6.26 2.03 4.29 
Utah Common 8.13 2 . 03 4.71 
California Common 7.87 1. 81 4.70 
New Mexico Common 8.10 1.48 4.82 
Arizona Common 9.36 2.53 4 . 59 
gressed, but no test of significance is available. It may be in-
dicative that the more hardy varieties showed less accumula-
tion of dextrin (Grimm none). A tendency to accumulate 
starch and dextrin, or a delay in the transformation of these 
fractions to the winter forms, may be associated with low resis-
tance to cold. 
The starch fractions from the varieties do not show as great 
fluctuations as the dextrins. The starch contents of Ladak and 
Grimm were slightly higher than those of the other varieties on 
Oct. 8. Starch as a storage carbohydrate, however, ap-
parently is not the determining factor in cold resistance. Analy. 
sis of Grimm at an earlier date indicated that starch was de-
clining during October, reaching minimum values in Decem-
ber. The acid-hydrolyzable materials show a great uniformity 
among varieties. 
NI'l'ROGEN 
In as much as nitrogen is an important constituent of 'proto-
plasm, it was thought that the varieties might exhibit sufficient 
differences in their nitrogen contents to enable them to be 
placed in their correct order of hardiness. The results of analy-
ses of the nitrogen fractions are shown in table 13. 
The data show that the insoluble and soluble nitrogen frac-
tions fluctuate among the varieties irrelative to hardiness. In 
all varieties the percentage of insoluble nitrogen was greater 
than the soluble nitrogen. It will be seen that all varieties 
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TABLE 13. INSOLUBLE, SOLUBLE AND TOTAL NITROGEN CONTENT OF AL-
FALFA VARIETIES ON OCT. 8 AND NOV. 11, 1934. 
(Percentage of fresh weight.) 
Insoluble Soluble Total 
Variety nitrogen nitrogen nitrogen 
October 8, 1934 
Ladak 0.51 0.29 0.80 
Grimm 0.43 0.33 0.76 
Utah Common 0.48 0.29 0.77 
California Common 0.53 0.34 0.87 
New Mexico Common 0.51 0.31 0.82 
Arizona Common 0.49 0.30 0.79 
November 11, 1934 
Ladak 0.50 0.49 0.99 
Grimm 0.65 0.43 1.08 
Utah Common 0.61 0 . 39 1.00 
California Common 0.70 0.38 1.08 
New Mexico Common 0.54 0.38 0.92 
Arizona Common 0.64 0.48 1.12 
showed an increase of alcohol soluble nitrogen during October 
and early November. Ladak showed the greatest increase in 
this fraction of any of the varieties, but the insoluble nitrogen 
in Ladak remained constant, while this same fraction increased 
in the other varieties. The total nitrogen increased in all 
varieties. 
SEASONAL CHANGES IN THE ROOT RESERVES OF A HARDY 
AND A TENDER ALFALFA VARIETY 
The open fall of 1934 made it possible to collect a third set of 
samples of Ladak, a very hardy variety, and Arizona Common, 
a tender variety, on Dec. 15. A fourth collection was 
made on March 26, 1935, just as new spring growth was start-
ing. The seasonal changes indicated by the four collections are 
plotted in figures 9 to 14. The ' Nov. 11 and Dec. 15 
dates are considered to be the critical ones. The analysis of 
samples collected on these dates shows that the hardiness of 
these varieties was not correlated with either total carbohy-
drates or total nitrogen. Total sugars (fig. 9) showed no strik-
ing differences. Dextrin was consistently lower (fig. 10) in the 
hardy Ladak, as were starch (fig. 11) and total carbohydrates 
(fig. 12). The lower percentage of the colloidal carbohydrates 
in Ladak, particularly in midwinter, appears to be the most im-
portant and consistent difference between the two varieties, 
although the lower insoluble nitrogen content of Ladak (fig. 
14) is significant. 
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Within the variety Grimm, hardiness and reserves were cor-
related. When varietal (genetic) differences which might af-
fect the utilization of reserves were introduced, no correlation 
was found. These results agree with those of Steinmetz (40) 
and indicate that reserves do not, of themselves, constitute 
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hardiness, but that it is the manner of their utilization, per-
haps in protoplasmic differentiation; which enables plant cells 
to endure freezing. According to this hypothesis, a plant which 
lacks either the reserve or the genetic factors essential to its 
proper utilization will be non-hardy. 
STUDIES OF PROTOPLASMIC DIFFERENTIATION IN COLD 
RESISTANCE 
Newton and Brown (28) (29) and Newton, Brown and An-
derson (30), working with winter wheat, concluded that proba-
bly both salting-out and acid precipitation play a part in frost 
precipitation and that sugar is an important factor in protect-
ing the protoplasmic proteins from disorganization by these 
agencies. If death from cold is a result of protoplasmic precipi-
tation and if sugars are directly protective, it seems reasonable 
to expect the more cold resistant plants to have the higher 
sugar content. Our results and those of others show that this 
is not always true. Loomis (19) has suggested that cold hardi-
ness may be the result of structural differentiation within the 
protoplast which makes it more resistant to destruction by pre-
cipitation, such differentiation being dependent upon and in 
part initiated by a higher sugar concentration in the tissues. 
In this case the action of the sugar would be indirect and hardi-
ness would be correlated with sugar content but would depend 
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upon genetic factors which might affect the protoplasmic rlif-
ferentiation processes. 
TESTS OF THE STABILITY OF THE PROTEINS OF ALF ALF A 
The object of this series of experiments was to investigate 
protein stability by determining the quantity of nitrogen pre-
cipitated when the proteins, suspended in water, were subjected 
to different periods of freezing. It was hoped that these deter-
minations, along with the sugar data on cut and uncut alfalfa, 
could be correlated with each other and with hardiness. 
After the plants to be used were dug from the fields, the roots 
were washed free of soil and the tops and fibrous roots removed. 
One hundred-gram samples of roots were cut into small pieces 
and ground in a food chopper; the material was made up to 
500 cc. volume with distilled water and 10 cc. of ether, and 
ground in a ball mill, extracting the proteins and suspending 
them in water. After the sample had been ground for 16 hours 
it was filtered through three layers of cheesecloth. Fifty-
cc. aliquots were centrifuged for 15 minutes to remove 
any solids that might have escaped filtration, then the liquid 
portions were decanted into small soil cans. These cans were 
placed in the freezing chambers for given periods of time. At 
the end of the freezing period the samples were thawed and 
again centrifuged for 15 minutes, and the precipitate was trans-
ferred to Kjeldahl flasks for determination of total nitrogen. 
Duplicate samples of the same material were transferred 
directly to Kjeldahl flasks (without freezing) for total nitrogen 
determinations. Other samples were transferred to beakers, 
acidified with acetic acid and brought to a boil. These were 
centrifuged for 15 minutes and the precipitate was transferred 
to Kjeldahl flasks for total precipitable nitrogen determina-
tions. 
The results of the tests were inconclusive, apparently because 
of a rapid enzymatic hydrolysis of proteins during the grinding. 
In some instances the hydrolysis appeared to continue through 
the freezing and thawing treatment as reported by Newton, 
Brown and Anderson (30). Soluble nitrogen showed a 5:1 
ratio with insoluble nitrogen in the ~ater extracts, in compari- . 
son with 1:1 or 1 :2 ratio in the alcohol-killed samples. Some of 
this difference may have been due to incomplete suspension of 
insohlble nitrogen compounds, but the thoroughness of grinding 
indicates that hydrolysis was the important factor. 
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THE RELATION OF CERTAIN WATER SOLUBLE SUBSTANCES TO COLD 
RESISTANCE IN ALFALFA 
SUBSTANCES PRECIPITATED FROM THE DEXTRIN EXTRACT BY NEUTRAL 
Ll, AD ACETATE 
It was observed during the investigation, that an almost un-
manageable precipitate was formed in clearing the dextrin ex-
tractions. The clearing of the starch extracts also produced 
a jelly-like precipitate. 
It cannot be stated definitely that this precipitated material 
is a product of protoplasmic differentiation, but the substance is 
soluble in cold water and may be hydrolyzed with dilute min-
eral acids with the formation of reducing substances. It is 
gum-like in behavior, which suggests that it might be active in 
holding water by imbibition or in preventing the coagulation 
of protoplasmic colloids, and 'that it probably consists of a mix-
ture of pectin, pectin-like substances and other gums. Even a 
thin coating of a stable carbohydrate colloid over the surface 
of the dispersed protein particles might prevent them from 
coalescing during freezing and thus preserve the structure of 
the protoplasm in a manner analogous to the protection of rub-
ber by talcum. 
TABLE 14. WATER SOLUBLE GUMS DETERMINED BY DIFFERENCES IN THE 
REDUCING VALUES OF CLEARED AND UNCLEARED DEXTRIN EXTRACTS. 
(Data are calculated as glucose in percentage of green weight.) 
Uncut. 
Cut early 
Cut late 
Continuously cut 
Nov. 11, 1934 
2.67 
1. 76 
1.00 
1.05 
Dec. 15, 1934 
0.92 
0.92 
0 . 92 
0.95 
It is shown that in N ovem ber the soluble gum fraction from 
. the uncut plants was greater than from the other plants. This 
material formed more reducing substances than the starch fro'm 
the same sample. Analysis of the December collections showed 
this fraction to be lower than it was during November, thus fol-
lowing the same trend as the dextrin. The Nov. 11 col-
lection showed an excellent agreement between the glucose 
equivalent of the soluble gums and the hardiness of the samples 
by freezing tests. The Dec. 15 data suggest, however, that 
further research is need~d to identify the precise factor in cold . 
resistance. 
Studies on this gum fraction were extended to include the six 
varieties of alfalfa used in the hardiness experiments. The re-
sults are shown in table 15. 
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TABLE 15. WATER SOLUBLE GUMS FROM HARDY AND NON-HARDY 
VARIETIES OF ALFALFA. 
(Percent green weight.) 
Variety Oct. 8, Nov. 11, Dec. 15, March 26, 
1934 1934 1934 1935 
Ladak 1.12 1.52 0.34 0.87 
Grimm 1.16 1.63 - -
Utah Common 0.53 1.44 - -
Caillornia Common 0.73 1.39 - -
New Mexico Common 1.44 1.00 - -
Arizona Common 0.82 0.25 0.49 0.93 
These data show fluctuations within varieties. In the variety 
Ladak there is a tendency for this fraction to follow the trend 
of the dextrin, The Arizona variety showed a decrease in this 
fraction during November when the dextrin content was going 
up, However, in March when dextrin went up, a parallelism 
was shown betwfen dextrin and gums. There is only a partial, 
if any, relationship between the total content of soluble gums 
in the varieties and their hardiness; nevertheless the Nov. 
11 soluble gum values give as good correlation with hardiness 
as any fraction studied. 
PECTINS 
The pectin-like nature of the clearing precipitate led to a 
study of the water soluble pectins of the available alfalfa sam-
ples. Cold water was used for extraction, and the hydrolyzed 
pectic acid was precipitated and weighed as impure calcium 
pectate. • 
The pectin was determined in the Grimm alfalfa that was 
used as a check in the experiment on the effect of cutting upon 
root reserves. The results are expressed as percentage of im-
pure calcium pectate. They show that there was an increase 
in crude pectin as fall progressed. There was a decrease dur-
ing winter. Pectin apparently followed somewhat the same 
trend as dextrin. 
TABLE 16. PECTIN CONTENT OF THE ROOTS OF GRIMM ALFALFA COLLECTED 
ON THREE DIFFERENT DATES. 
(Data are percentages of green weight.) 
July 26, 1934 Oct. 8, 1934 Dec. 15, 1934 
0 . 841 1.29 1.13 
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Pectin determinations were run also on the roots of hardy 
and non-hardy varieties of alfalfa. The results are presented 
in table 17. The data show too much fluctuation among varieties 
to permit varietal classification upon the basis of the crude 
pectin fraction. The hardy varieties were lower in pectin dur-
ing November than the tender varieties. There was an increase 
in pectin toward spring in both Ladak and Arizona Common, 
although this may be a sampling variation. 
TABLE 17. PECTIN CONTENT OF HARDY AND NON-HARDY 
VARIETIES OF ALFALFA. 
(Expressed as percentage impure calcium pectate on a fresh sample weight basis.) 
Variety Oct. 8, Nov. 11, March 26, 
1934 1934 1935 
Ladak 1.36 0.95 1.18 
Grimm 1.09 0.89 -
Utah Common 1.08 1.15 -
California Common 1.13 1.00 -
New Mexico Common 1.06 1.04 -
Arizona Common 
- 1.04 1.34 
Pectin has been assumed to be a cell wall substance, but its 
water soluble nature suggests that it may be found in the proto-
plast. In our material, no more than traces of "protopectin" 
could be recovered, and the "pectin" precipitates were ap-
parently impure, containing gummy materials other than cal-
cium pectate. We feel that the water soluble colloids of the 
alfalfa plant are worthy of further study in spite of the nega-
tive or partially negative results shown in our analyses of both 
soluble gums (which included pectin) and pectin. 
DISCUSSION OF RESULTS 
The data on .the effect of fall cuttings upon root growth in 
Grimm alfalfa are in agreement with Loomis' (21) results on 
woody plants which show that lateral enlargement is associated, 
not with stored food supplies, but with active leaves. Nelson 
(25) found that frequent cutting in an early stage of top 
growth retarded root growth in alfalfa. In the present study 
the cross-sectional area of roots from the frequently cut plots 
was only 50 percent of normal at the end of the growing season. 
The dry matter in the roots was found to be higher in the 
uncut plants than in the continuously cut plants. Graber and 
his associates (14) found an increase of approximately 100 per-
cent in the dry matter of roots from plants cut in the mature 
stage as compared with plants cut in the immature stage. The 
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dry matter in the roots is represented, for the most part, by 
carbohydrates or differentiation products of carbohydrates. 
Frequent top removal not only suppressed dry matter accumu-
lation, but probably resulted in withdrawal of carbohydrates in 
the form of sugars for the initiation of new top growth. 
Fall cutting reduced top growth in the continuously cut plots, 
but apparently stimulated late fall growth in the late cut plots. 
The spring (1935) top growth, as shown by the yield of hay, 
was considerably greater in the uncut and early cut plots. 
These differences were due to differences in the amount of win-
terkilling combined with the low vigor of surviving plants in 
the cut plots. 
Artificial freezing tests showed that uncut plants were able 
to survive more severe freezing than cut plants. All plants sur-
vived light . freezing treatment, but as the freezing period was 
lengthened, the cut plants failed to survive. This result is in 
agreement with Dexter's work (9) in which he found that hard-
ening progresses when conditions are favorable for the photo-
synthesis but unfavorable for rapid utilization of the synthe-
sized foods. The vegetative condition of the cut plants sug-
gested that hardening had not progressed very far. 
Frequent cutting of Grimm alfalfa lowered the root reserves. 
There was a difference of almost 100 percent in the root re-
serves on Oct. 8 as the result of a single cutting at the end 
of August. Every fraction studied showed this difference ex-
cept the sucrose, which showed a smaller difference in favor of 
the uncut plants. It is true that at this sampling date there 
was no decrease over the previous month. This failure to show 
a decrease in the cut plots was probably due to the functioning 
of the new leaf growth. However, it is shown that the normal 
accumulation of root reserves was prevented by the cutting. 
Analyses of the root reserves in November of plants given 
different cutting treatments in October showed continued dif-
ferences between the uncut and continuously cut plots. The 
chemical differences between late cut and early cut plots were 
no doubt obscured in part, however, by the open weather con-
ditions which permitted some accumulation of reserve ma-
terials. 
The percentage of both soluble and insoluble nitrogen was 
higher in the uncut plants than in the cut plants throughout 
the test period. There was no evidence of protein splitting as 
a factor in cold resistance . 
. In contrast to the results obtained by cutting Grimm alfalfa, 
the amounts and trends of the root reserves in varieties of 
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hardy and non-hardy alfalfa offer no evidence that hardy va-
rieties, as such, are significantly higher than the non-hardy 
groups in any of the reserve fractions at any time during fall, 
winter or early spring. On the contrary, the non-hardy varie-
ites were consistently higher in some of the reserve fractions 
than the hardier sorts. . 
The reducing sugars constituted a progressively smaller por-
tion of the root reserves as fall advanced. The non-reducing 
sugars (sucrose) increased during the fall and were quite con-
stant during the winter with a slight increase toward spring. 
The increase in non-reducing sugars was, for the most part, the 
result of starch and dextrin hydrolysis. , 
The starch began disappearing in early fall and constituted 
a very small portion of the root reserves in any variety after 
October. Analyses for starch in the spring showed no tendency 
toward reconversion of sugar to starch. These analyses were 
made shortly before any leaves were expanded. The rapidity 
with which starch disappeared suggests increased diastatic ac-
tivity in response to low temperature, or other conditions. Di-
gestion was more rapid in the hardier varieties. 
The dextrins increased rapidly when starch showed its great-
est decrease. This may mean that the starch, instead of under-
going more complete hydrolysis, was first converted into dex-
trin. The dextrin fraction in turn, however, showed a rapid 
decrease as fall progressed. It is highly probable that dextrin 
was, at least in part, hydrolyzed to sucrose. 
The soluble nitrogen in the varieties showed some fluctua-
tions, but no consistent differcnces between hardy and non-
hardy varieties were found. There was an increase in the solu-
ble nitrogen of all varieties during late fall but no evidence of 
protein hydrolysis since protein and non-protein nitrogen were 
accumulated simultaneously. 
Greathouse and Stuart (15), working with red clover , were 
able to place their varieties in the proper hardiness groups upon 
the basis of their chemical composition. In the present study 
the analytical data on varieties offer no criteria by which the 
varieties can be placed in their proper order of hardiness as 
exhibited in field t ests. 
Tests on protoplasm stability failed to produce data that indi-
cated a consistent relationship between cut and uncut plants. 
The same applied to hardy and non-hardy varieties of alfalfa. 
An improved technique may permit using this property as a 
measure of hardiness. 
The pectin and protopectin fractions, although possibly im-
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portant in cold resistance, showed fluctuations among varieties 
that would not justify the use of these fractions as indexes of 
the hardiness of varieties at the present time. 
The positive correlation between reserves and hardiness with-
in a variety (Grimm) and the lack of correlation when com-
paring varieties is considered to support the protoplasm differ-
entiation hypothesis of winter hardiness. This hypothesis as-
sumes as prerequisites to the development of winter hardiness, 
both an available reserve and a genetic ability to use these re-
serves in the building of a stable protoplasm. 
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